710857 


'  (•- 

.  ( ; 

<  j 

.  ^  HUMAN  HEAD  UNEAR  AND  ANGULAR 

•CCj  ACCELERATIONS  DURING  IMPACT 


Thomas  D.  Clarke,  C.  Dee  Gragg, 

James  F.  Sprouffske,  and  Edwin  M.  Trout 
6570th  Aerospace  Medical  Research  Laboratory, 
Holloman  Air  Force  Base 

Roger  M.  Zimmerman 
College  of  Engineering, 

New  Mexico  State  University 

William  H.  Muzzy 

Naval  Aerospace  Medical  Research  Laboratory 


m 

> 

lANO 

SIA 

AIR 

SPACI 

V 

Cosponsors; 

University  of  California,  Los  Angeles 
Biomechanics  Research  Center  at  Wayne  State  University 
The  University  of  Michigan 


I - UnllmIUd 


Host; 

School  of  Medicine,  University  of  California.  Los  Angeles 

Administrative  Sponsor; 

Society  of  Automotive  Engineers,  Inc. 


15th  STAPP  CAR  CRASH  CONFERENCE 
CORONADO,  CALIFORNIA 
NOVEMBER  17-19, 1971 


ffepfoduced  by 

NATIONAL  TECHNICAL 
INFORMATION  SERVICE 

V.  ,,1,1 


Publishtd  by: 

SOCIETY  OF  AUTOMOTIVE  ENGINEERS,  INC.,  Two  Pannsylewsia  PiMa.  Ntw  York.  N,Y.  10001 


S«  .  (tills  K  l.tssilu  .iu>m 


DOCUMENT  CONTROL  DATA  .  R  &  D 

clmuMltlcntian  of  littr,  of  nhMtrHCl  ttnti  tnUraingi  mmotniitm  n»iHt  he  •iiforoi/  whrti  f/io  ovvrntt  report  /w  f  f/twwff/nc/j 


1.  ONIUINA  TING  AC  T I  VI  TV  fCoiWOfAf#  mothor)  HLPOH  T  tCC  UNITY  C  U  A  ttl  r  I C  A  TION 

Aerospace  Medical  Research  Laboratory,  Aerospace  Unclassified 

Medical  Division,  Air  Force  Systems  Command,  Wright-  ,6.  cwouV - - 

Patterson  Air  Force  Base,  Chio  45433. 


3.  nC^OMT  TITLC 

HUMAN  HEAD  LINEAR  AND  ANGULAR  ACCELERATIONS  DURING  IMPACT. 


4  OCSCMI^TIVC  Horttny^a  •IffMI  tn€hfl*»  Smt0t) 

Published  by:  Society  of  Automotive  Digineers,  Inc. 


9  AUTHO^mfriRM  JMNKf,  IPlM«  Mlltol,  toAf  !••••>  -j  .  m  a 

Thomas  D.  Clarke  Edwin  M.  Trout 

C .  Dee  Gragg  Roger  M .  Zimmerman 

James  F.  Sprouffske  William  H.  Muzzy 


November  17-19 »  1971. 


?•.  TOTAL  NO.  or  rAGCt  IT*.  NO.  OF  Rtri 


M.  0I«I«INAT0N*9  RCrONT  NUMBKNItI 


AMRL-TR-71-95 


M.  OTHtM  RKroBT  NO(BI  (Any  •m^t  humAam  ifMf  msy  •••Ijrirtf 
ffilA 


10.  OliTNIOUTION  STATBMBNT 


li.  •■■TNACT  Head  linear  and  angular  accelerations  of  humans  were  invas- 

tlgoted  during  exposure  to  abrupt  linear  deceleration.  (~G^)  *  • 

The  14  subjects  were  restrained  with  three  different  restraints: 
lap  belt  only.  Air  Force  shoulder  harness  and  air  bag  plus  lap 
belt.  Peak  sled  decelerations  ranged  from  7.7  to  10.3  g. 

The  results  Indicated  that  peak  head  angular  and  linear  re¬ 
sultant  accelerations  were  elevated  with  the  air  bag  in  contrast 
to  the  Air  Force  shoulder  harness  or  lap  belt  only  restraints. 
However,  the  peak  angular  and  linear  accelerations  may  have 
less  traumatic  consequences  than  the  degree  of  head-neck  hy- 
perextenslon. 

PREVIOUS  RESEARCH  HAS  REVEALED  the  favorable  impact  protec¬ 
tion  afforded  by  the  air  bag  (l,2)t*  However,  at  their  present 
stage  of  development,  air  bags  Involve  greater  uncertainty  and 
risk  than  restraints  previously  introduced  in  the  auto  safety 
field  (3).  Of  particular  concern  is  whether  the  restraining  force 
of  the  air  bag  may  result  in  exceeding  human  tolerance  limita¬ 
tions  of  the  head -neck.  In  this  report  the  objectives  were  to 
determine  head  linear  accelerations  plus  angular  accelerations , 
velocities  and  displacements  during  exposure  to  abrupt  linear 
deceleration  (-Gx)  while  restrained  with  a  lap  belt  only,  stand¬ 
ard  Air  Force  shoulder  harness  or  air  bag  plus  lap  belt.  Corre¬ 
lation  of  the  acceleration,  velocity  and  displacement  values 
with  human  subject  responae  and  trauma  will  be  discussed. 
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ABSTRACT 

Head  linear  and  angular  accelerations  of  humans  wcie  inves¬ 
tigated  during  exposure  to  abrupt  linear  deceleration  (-C^)  . 

The  14  subjects  were  restrained  with  three  different  restraints: 
lap  belt  only,  Air  Force  shoulder  harness  and  air  bag  plus  lap 
belt.  Peak  sled  decelerations  ranged  from  7.7  to  10.3  g. 

The  results  indicated  that  peak  head  angular  and  linear  re¬ 
sultant  accelerations  were  elevated  with  the  air  bog  in  contrast 
to  the  Air  Force  shoulder  harness  or  lap  belt  only  restraints. 
However,  the  peak  angular  and  linear  accelerations  may  have 
less  traumatic  consequences  than  the  degree  of  head-neck  hy¬ 
perextension. 

PREVIOUS  RESEARCH  HAS  REVEALED  the  favorable  impact  protec¬ 
tion  afforded  by  the  air  bog  (l,2)t*  However,  at  their  present 
stage  of  development,  air  bags  involve  greater  uncertainty  and 
risk  than  restraints  previously  introduced  in  the  auto  safety 
field  (3).  Of  particular  concern  is  whether  the  restraining  force 
of  the  air  bag  may  result  in  exceeding  human  tolerance  limita¬ 
tions  of  the  head-neck.  In  this  report  the  objectives  were  to 
determine  head  linear  accelerations  plus  angular  accelerations, 
velocities  artd  displacements  during  exposure  to  abrupt  linear 
deceleration  (>Gx)  while  restrained  with  a  lap  belt  only,  stand¬ 
ard  Air  Force  shoulder  harness  cr  air  bag  plus  lap  belt.  Coae- 
latlon  of  the  acceleration,  velocity  ai>d  dlsplacemeitt  values 
with  human  subject  response  and  trauma  will  be  discussed. 

MATERIALS  AND  METHODS 

Thirty-six  deceleration  tests  were  performed  with  14  adult 
male  volunteers.  Peak  sled  velocities  ranged  from  21.1  to 

27.2  ft/sec  resulting  in  maximum  sled  decelerations  of  7.7  to 

10.3  g.  The  Impact  pulse  was  approximately  hall  sine  with  a 
stopping  distance  of  2  ft.  Air  bag  Inflation  was  mechanically 
activated  at  the  initiation  of  the  sled  decelerat.on  pulse*.** 

The  volurAaiy  Informed  consent  of  the  subjects  used  in  this 
research  was  obtained  as  required  by  Air  Force  Aequlation 

,,, Numbers  in  parentheses  designate  references  at  etsd  of  paper. 
The  air  bag  systems  were  gratuitously  provided  by  Eaten. 

Yale  arxl  Towne,  Inc. 
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A  low-pass  filter  (100  Hz)  improved  the  legibility  of  the  accel¬ 
eration  traces  with  no  appreciable  loss  of  response  (1,2). 

Previous  investigators  (4)  computed  head  angular  acceler¬ 
ations  via  numerical  differentiations  of  photographically  derived 
angular  displacement  curves.  However,  envelopment  of  the 
head  by  the  air  bag  precluded  this  type  o‘  analysis  (Fig.  1). 

Biaxial  accelerometer  clusters  were  atflxed  to  anterior  and 
posterior  flanges  of  a  lightweight  plastic  head  mount.  The 
mount,  restraining  straps  and  accelerometers  weighed  11.3  oz 
(Fig.  2).  The  desirtn  of  the  angular  acceleration  system  is  de¬ 
pendent  upon  the  principle  that  the  tangential  acceleration  of 
point  A  on  a  rigid  body  relative  to  point  B  on  the  body,  divided 
by  their  separation  distance,  is  the  angular  acceleration  of  the 
body  within  a  spatial  reference  system  (5).  Only  the  rotation 
in  the  sagittal  plane  or  about  the  lateral  axis  of  the  head  (pitch) 
is  described.  Integration  of  head  angular  accelerations  yielded 
head  angular  velocity.  Angular  displacement  of  the  head  was 
computed  by  an  additional  integration.  Front  and  rear  linear 
accelerations  were  computed  by  vector  summation  of  the  X  and 
Z  components  of  the  anterior  and  posterior  accelerometer  clus¬ 
ters. 

RESULTS  AND  DISCUSSION 

The  head  reference  axes  are  depicted  using  a  polar  coordi¬ 
nate  system  where  angular  displacement  of  the  head  was  posi¬ 
tive  with  flexion  and  negative  with  hyperextension. 

LAP  BELT  RESTRAINT  -  Head  angular  acceleration,  velocity 
and  displacement  of  a  human  restrained  with  only  a  lap  belt  are 
graphically  displayed  for  a  9.2  g  impact  (Fig.  3). 

For  all  tests  the  excursions  of  the  accelerometer  data  corre¬ 
spond  closely  in  magnitude  and  time  phase.  The  head  angular 
acceleration  trace  was  typically  biphasic  in  shape.  The  posi¬ 
tive  peak  normally  occurred  160  milliseconds  after  time  zero. 
Twenty  to  50  milliseconds  later  the  acceleration  trace  reached 
the  maximum  negative  value.  The  positive  peak  was  invariably 
greater  in  magnitude  than  the  negative  excursion  (Table  1).  The 
trace  returned  to  zero  by  350  ms. 

The  head  angular  velocity  trace  was  primarily  positive  and 
therefore  the  maximum  negative  value  was  excluded  from  "able  1. 
The  head  angular  disple  jement  curve  was  invariably  positive. 
This  was  indicative  that  the  head-neck  only  underwent  flexion. 

It  should  be  emphasized  that  the  zero  position  of  the  head  was 
the  actual  position  of  the  head  at  time  zero  and  not  necessarily 
the  neutral  anatomical  position  (head  erect).  However,  the  head 
at  time  zero  never  exceeded  15  degrees  positive  or  negative  from 
the  neutral  anatomical  position. 

Although  the  head  angular  dlsplacemsnt  trace  remained  at 
zero  for  at  least  the  first  100  ms  of  the  Impact  event,  the  head 
was  translating  forward  with  the  torso  in  a  linear  manner.  The 
maximum  head  angular  displacement  occurred  at  approximately 
300  ms.  While  the  mean  angular  displacement  of  the  head  was 
103  degrees  (Table  1),  the  extent  of  head-neck  flexion  with  re¬ 
spect  to  the  torso  never  exceeded  50  degrees. 

The  linear  resultants  (Fig.  4)  of  the  front  and  rear  acceler¬ 
ometer  clusters  peaked  at  approximately  the  same  time  of  the 
head  angular  acceleration  excursions  (Fig.  3).  It  should  be 
noted  that  Fig.  3  shows  the  coplanar  vector  representation  of 
the  front  and  rear  accelerometers  and  not  necessarily  the  accel- 


eration  of  the  center  of  gravity  of  the  head.  The  maximum  linear 
acceleration  was  invariably  recorded  with  the  front  accelerometer 
cluster. 

AIR  FORCE  SHOULDER  HARNESS  RESTRAINT  -  The  head  angu¬ 
lar  acceleration,  velocity  and  displacement  traces  when  re¬ 
strained  with  an  Air  Force  shoulder  harness  (Fig.  5)  displayed 
close  similarity  to  the  previously  discussed  lap  belt  traces 
(Fig.  3).  The  major  dissimilarity  was  the  shorter  duration  from 
time  zero  to  the  initiation  of  the  excursions. 

The  mean  peak  angular  accelerations  and  decelerations  while 
restrained  with  the  Air  Force  shoulder  harness  (Table  2)  were 
less  than  restrained  with  the  lap  belt  (Table  1),  even  though 
the  mean  sled  deceleration  with  the  shoulder  harness  was  slight¬ 
ly  higher  than  comparable  tests  using  the  lap  belt  only. 

The  mean  head  angular  displacement  with  the  Air  Force  shoul¬ 
der  harness  was  75  degrees.  However,  since  the  torso  was  re¬ 
strained  and  never  rotated  foreward  more  than  20  degrees  from 
the  erect  position,  the  extent  of  head-neck  flexion  with  respect 
to  the  torso  was  greatest  with  this  restraint.  With  this  extent 
of  head-neck  flexion  the  subject's  mandible  often  contacted  the 
sternum.  Previous  researchers  have  found  the  maximum  angle 
of  flexion  to  be  53  degrees  (6). 

The  peak  linear  accelerations  were  slightly  less  when  re¬ 
strained  with  the  shoulder  harness  (Table  2).  The  peak  excur¬ 
sions  occurred  at  the  same  time  as  the  peak  head  angular  accel¬ 
erations  (Fig.  6). 

AIR  BAG  PLUS  LAP  BELT  RESTRAINT  -  From  60  to  70  ms  the 
rapid  excursions  of  the  head  acceleration  trace  were  primarily 
attributable  to  bag  contact  with  the  thorax  and  head  (Fig.  7). 

The  negative  spike  near  80  ms  averaged  -178,200  degrees/sec^ 
(Table  3)  and  was  invariably  the  maximum  head  angular  deceler¬ 
ation.  The  duration  of  this  spike  was  much  shorter  than  the  sub¬ 
sequent  positive  and  negative  peaks.  The  positive  head  angular 
acceleration  peak  was  extremely  inconsistent  in  magnitude  and 
often  of  inconsequential  value. 

The  head  angular  displacement  curve  was  invariably  negative 
Indicating  that  the  head  only  underwent  hyperextension  after 
time  zero.  Although  the  mean  peak  negative  rotation  of  the  head 
was  42  degrees,  the  longitudinal  axis  of  the  torso  displaced  for¬ 
ward  10  to  20  degrees  from  vertical.  Likewise,  the  head  during 
many  of  the  tests  was  hyperextended  15  degrees  from  the  neutral 
anatomical  position  at  time  zero.  Therefore,  at  180  ms  the  ac¬ 
tual  head-neck  hyperextension  relative  to  the  torso  for  a  specific 
test  may  average  -77  degrees  or  only  2  degrees  less  than  the 
mean  voluntary  limit  of  hyperextension  (6).  This  pronounced 
hyperextension  of  the  head-neck  was  attributable  to  the  restrain¬ 
ing  force  of  the  air  bag.  In  essence,  the  air  bag  was  sufficient 
to  overcome  the  forward  momentum  of  the  head  to  a  much  greater 
extent  than  the  torso  of  larger  mass. 

In  five  tests  with  the  air  bag  the  peak  linear  resultants  of 
the  front  and  rear  arcenrometer  clusters  exceeded  70  g  for  a 
cumulative  duration  of  more  than  3  ms.  These  head  accelera¬ 
tions  were  not  appreciably  lower  than  the  proposed  quantitative 
occupant  injury  criteria  for  a  30  mph  barrier  impact  using  an¬ 
thropomorphic  test  devices  (7).  The  higher  readings  of  the 
front  accelerometer  cluster  may  be  in  part  due  to  bag  "slap" 

(Fig.  8). 

Although  there  was  no  evidence  of  definitive  whiplash  in¬ 
jury,  six  subjects  restrained  with  the  air  bag  plus  lap  belt  de- 


veloped  mild  to  moderate  headaches  from  2  to  24  hours  post¬ 
impact  (Table  4).  This  appears  to  be  related  to  the  degree  of 
head-neck  hyperextensioa  since  headaches  resulted  with  only 
the  subjects  who  experienced  the  greatest  degree  of  hyperex¬ 
tension.  Furthermore,  the  subject  with  the  most  severe  head¬ 
ache  underwent  the  greatest  head-neck  hyperextension. 

No  correlation  was  found  between  headache  and  angular  or 
linear  accelerations. 

CONCLUSIONS 

The  results  indicated  that  peak  head  angular  accelerations 
and  linear  resultants  were  elevated  with  the  air  bag  in  coi;trast 
to  the  Air  Force  shoulder  harness  or  lap  belt  only  restraints. 
However,  the  angular  and  linear  accelerations  may  have  less 
traumatic  consequences  than  the  degree  of  head-neck  hyperex¬ 
tension. 
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APPENDIX 


OBJECT  -  The  measurement  of  linear  accelerations  at  two 
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points  on  the  head  will  yield  after  calculations  absolute  or  to¬ 
tal  angular  accelerations  of  the  head  with  respect  to  a  non¬ 
rotating  spatial  reference  system. 

LIMITATIONS  -  The  angular  accelerations  of  the  head  with 
respect  to  the  neck  or  torso  are  not  being  derived.  The  angular 
accelerations,  velocities  and  displacements  of  the  head  are 
only  In  the  sagittal  plane  (pitch).  There  was  no  evidence  of 
lateral  head  rotation  (roll  or  yaw)  from  the  high-speed  film. 

GOVERNING  EQUATIONS  AND  CALCULATIONS  - 


Graphical  Computation  -  Given  a  subject  at  time  zero  re¬ 
ferenced  to  the  X-Z  coordinate  system  (Fig.  9).  The  head  of 
the  subject  is  defined  by  two  points  A  and  B  which  contain  ac¬ 
celerometers  aligned  along  the  -t-X  and  +Z  axes.  The  points  are 
separated  by  the  length  L  which  is  of  constant  value. 

After  a  time  "t"  the  head  of  the  subject  has  rotated  from  the 
original  position  (Fig.  10).  This  is  represented  by  line  AB  which 
has  rotated  through  an  angle  6  (Fig.  11).  Likewise,  the  accel¬ 
erometers  have  rotated  through  the  same  angle  6  and  the  rotated 
axes  are  designated  by  x'  and  z'. 

The  accelerometers  at  A  and  B  measure  the  instantaneous 
coplanar  accelerations  of  each  point  which  are  typically  repre¬ 
sented  by  vectors  as  shown  in  Fig.  12. 

The  relative  acceleration  of  point  A  relative  to  point  B  is 
obtained  with  the  vector  equation: 


A/B 


•.  - 

A  B 


(1) 


Since  the  line  AB  is  fixed  in  length  then  the  relative  accel¬ 
eration  of  «. /„  can  be  broken  into  its  normal  and  tangential 
components  and  These  components  are 

parallel  and  perj^alrular  to  ine  line  AB,  respectively  (Fig.  13). 

By  definition  the  magnitudes  of  coplanar  rotation  compo¬ 
nents  are: 


A/B(N)  ~ 

(2) 

^  A/B(T)  *  ^ 

(3) 

where  i  and  ^  are  the  angular  velocity  and  angular 
respectively. 

acceleration 

It  is  observed  that  the  magnitude  of  Is 

ence  between  the  Z'  components  of  of 

the  dlffer- 

“vBfT)  “  *AZ'  ■  "bz'  “ 

Thus 

(4) 

L 

(5) 

Where  R(l)  and  R(2)  arc  the  readings  of  the  front  and  rear  Z 
accelerometers  respectively: 

V-BliLpUJ 

or 

(6) 

ee 

9  j  •a 

*rc«r  Z  front  Z 

L 

(7) 

Vector  CoMPutatton  -  />  compatible  vector  tcprescntatlon  of 
the  coplaruir  faction  can  be  achlrve<i  by  using  Fig.  14.  The  X 
aAd  7  axes  are  defined  as  positive  to  the  left  and  upw’ard,  rc- 
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sp«ctiv«ly.  Uflng  th«  Uft  hand«d  rule,  th«  Y  axis  U  diractad 
into  tha  papar.  Thli  rafaranoa  ayatam,  than*  la  oompatlbla  with 
tha  aariaa  of  photographs  of  tha  taata. 

Mathamaticaily,  tha  motion  of  lina  AB  may  ba  rafarancad  to 
a  tranalating  rafaranca  syatam  with  origin  at  B.  Pointa  A  and  B 
contain  tha  accalaromatara .  For  thia  davalopmant  tha  unit  vac- 
tor  I  ia  diractad  along  tha  X  axia ,  tha  unit  vaotor  i  along  tha 
y  axia  and  tha  unit  vactor  K  along  tha  Z  axia.  r  ia  tha  vactor 
raprasantlng  tha  distanca  AB.  Tha  ganaral  componanta  of  tha 
vactor  r  ara  takan  as: 

'  " 'a’'b 


Slnca  tha  magnltuda  of  r  la  conatant*  tha  ralativa  valoclty 
of  point  A  with  raapact  to  point  B  rapraaanta  tha  rotational  mo- 
tlwi  of  lina  AB.  Thus*  tha  following  raaulta: 


dJ. 

dt 


1  r  dJL  ♦r 
Xdt 


dJL  ■  wx  r 

Zdt 


(9) 


whara 


«  ■  0  J 

Tha  accalaratlon  of  point  A  ralativa  to  point  B  ia  daflnad  aa: 


■  wxdJl-t-diiLxr 
dt  dt  dt 

(10) 

where 

dL  IL  o>r-  dL  -  <#  x  r 

dt  *dt  ^  dt 

(11) 

dkL  -  dlLL  *  di  j 
dt  dt  dt 

(12) 

Since  the  axis  J  does  not  rotate  IL  ■  o 

d  t 

Thus* 

jiXL  «  a  >  d6  J  ■  ^  J 
dt  dt 

(13) 

Finally, 

Vb  * 

"  '  («  •  r)  +  a  X  r  -  -  *3 

(14) 

The  vector  w  (  w  r  )  is  directed  along  the  line  AB  and 
represents  the  relative  normal  acceleration  •./n/Mj*  The  vec¬ 
tor  01  X.  r  is  directed  perpendicular  to  line  A^^na  represents 
the  relative  tangential  acceleration  The  X'-Z'  coor¬ 

dinate  system  (Fig.  10)  also  defines  ^se ^normal  and  tangen¬ 
tial  components.  Accelerometers  numbered  (1)  and  (2)  (Fig.  14) 
measure  the  Z'  components  of  the  accelerations  of  A  and  B  which 
can  be  represented  by: 

•a/b(t)  “  "az'  "  "bz' 

In  scalar  form 

‘^A/Bd)  “  "  ^AZ'  ■  ‘^BZ' 


(15) 

(16) 


•  • 


r 


(17) 


a  *  a  „  -  a, 

rear  Z  front  Z 


(18) 


r 
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Tfiblp  1  -  Lap  Bc't  Restraint  (10  Subjects) 


A 

JL 

SL 

R  L. 

X. 

SL 

iL 

Moan 

+45,700 

-29,500 

+  1012 

-  22 

14 

+  103 

9.4 

S.  D. 

±20,500 

ill, 300 

±182 

-  ±7 

±5 

±10 

±0.3 

A  =  Maximum  hemi  .uirular  acceleration  (deg/sec2) 

B  =  Maximum  head  angular  deceleration  (deg/sec2) 

C=  Maximum  positive  head  angular  velocity  (dog/sec) 

D-  Maximum  negative  head  angular  velocity  (deg/sec) 

E  -  Maximum  front  head  linear  acceleration  (g) 
r  =  Maximum  rear  head  linear  acceleration  (g) 

G-  Maximum  flexion  of  head-neck  from  position  at  time  zero  (deg) 
H  =  Maximum  sled  deceleration  (g) 

-  =  Highly  inconsistent  or  of  minimal  value 


Table  2  -  Air  Torce  Shoulder  Harness  Restraint  (12  Subjects) 


A 

JL 

SL 

JL 

A 

iL 

Mean 

+j1 ,800 

-25,500 

+  1060 

-  20 

12 

+75 

9.6 

S.  D. 

±14,500 

±7,900 

±290 

-  ±6 

±2 

±20 

±0.4 

A  =  Maximum  head  angular  acceleration  (deg/sec^l 
B  *=  Maximum  head  angular  deceleration  (deg/sec^) 

C=  Maximum  positive  head  angular  velocity  (dcg/sec) 

D  =  Maximum  negative  head  angular  velocity  (deg/sec) 

E  *  Maximum  front  head  linear  acceleration  (g) 

F  =  Maximum  rear  head  linear  acceleration  (g) 

G=  Maximum  flexion  of  head-neck  from  position  at  time  zero  (deg) 
H=  Maximum  sled  deceleration  (g) 

-  =  Highly  inconsistent  or  of  minimal  value. 


Table  3  -  Air  Bag  Plus  Lap  Bolt  Restraint  (14  subjects) 


A  A 

SL  JL 

A 

A 

SL 

iL 

Mean 

-  -178,200 

-  -1027 

71 

55 

-42 

8.9 

S.  D. 

±38,900 

±125 

±17 

±7 

±16 

±0.6 

A  =  Maximum  head  angular  acceleration  (deg/sec2) 

B  =  Maximum  head  angular  deceleration  (deg/sec2) 

C=  Maximum  positive  head  angular  velocity  (deg/sec) 

D=  Maximum  negative  head  angular  velocity  (deg/sec) 

E  =  Maximum  front  head  linear  acceleration  (g) 

F  =  Maximum  rear  head  linear  acceleration  (g) 

G=  Maximum  hyperextension  of  head-neck  from  position  at  time 
zero  (deg) 

H  =  Maximum  sled  deceleration  (g) 

-  =  Highly  inconsistent  or  of  minimal  value. 


Table  4  -  Correlation  of  Hypcrextenslon  and  Headache 


Subject 

Extent  of  Head-Neck  Hvoerextension 

Severity  of  Headache 

1 

1 

o 

ifkitlrielt 

2 

-61  ” 

irirltitit 

3 

-58" 

***★ 

4 

-56" 

*** 

5 

-53" 

* 

6 

-47° 

★ 

least  severe  headache  - 


I.  tyst  severe  headache 
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Fig.  5  -  Head  angular  acceleration,  velocity  and  displacement  versus  time.  Shoulder  Fig.  7  -  Head  angular  acceleration,  velocity  and  displacement  versus  lime.  Ai 
harness  restraint  at  9.5  g.  Run  No.  4949.  subject  No.  1  and  lap  bell  resuaint  at  8.4  g.  Run  No.  4821.  subject  No.  1 
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Fig,  15  -  Time  0  +  t 
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